




































究                     
龙 



















学校编码：10384                    分类号_______密级 ______ 
学    号：200226021                UDC                      
 
厦  门  大  学 
硕  士  学  位  论  文 
福建沿海原甲藻赤潮研究 
Study on Prorocentrum red tides along Fujian coast 
龙  华 
指导教师姓名： 杜   琦  研究员 
高  亚  辉  教授 
专 业 名 称： 水 生 生 物 学 
论文提交日期： 2005 年 7 月 5 日 
论文答辩日期： 2005 年 9 月 9 日 




评    阅    人：            
 
 
























                声明人（签名）： 























































 3.3.1 气温．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．31 
 3.3.2 风．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．32 
  3.3.3 光照．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．33 
3.4 水温、盐度、pH 以及 COD 与东海原甲藻赤潮．．．．．．．．．．．34 
   3.4.1 水温．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．34 
   3.4.2 盐度．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．37 


















  3.7.1 气象条件．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．50 
3.7.2 生态习性．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．51 
3.7.3 营养盐．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．53 































Abstract in Chinese．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．1 
Abstract in English．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．3 
Chapter 1 Perface．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．6 
1.1 General situation of genus Prorocentrum research．．．．．．．．．6 
1.1.1 Taxonomy study of genus Prorocentrum．．．．．．．．．．．．．．6 
1.1.2 Trends of Red tide study in genus Prorocentrum．．．．．．．．12 
1.1.2.1 Nutrition physiology of genus Prorocentrum．．．．．．．．．12 
1.1.2.2 Ecological characteristics of genus Prorocentrum．．．．．15 
1.1.2.3 Analysis  of  bloom  formation  reasons  of  genus 
Prorocentrum ．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．16 
1.1.2.4 Distribution of Prorocentrum bloom in China．．．．．．．．18 
1.2 Significance and main content of this research．．．．．．．．．．．19 
Chapter 2 Materials and methods．．．．．．．．．．．．．．．．．．21 
2.1 Sample collection．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．21 
2.1.1 Red tide sample．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．21 














2.2 Sample processing and identification．．．．．．．．．．．．．．．．23 
2.3 Separation of Prorocentrum species．．．．．．．．．．．．．．．．．．24 
2.4 Imformation collection and disposal．．．．．．．．．．．．．．．．．25 
2.5 Date analysis and processing．．．．．．．．．．．．．．．．．．．．．．25 
2.6 Main instruments and equipments．．．．．．．．．．．．．．．．．．25 
Chapter 3 Results and analyse．．．．．．．．．．．．．．．．．．．．．27 
3.1 Species of genus Prorocentrum along Fujian coast．．．．．．．27 
3.2 P. donghaiense is the main  red  tide  organism  along 
Fujian coast．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．30 
3.3 Weather condition during P. donghaiense red tide．．．．．．．31 
3.3.1 Air temperature．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．31 
3.3.2 Wind．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．32 
3.3.3 Illumination．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．33 
3.4 Water temperature, salinity, pH, COD and  P. donghaiense 
red tide ．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．． 34 
3.4.1 Water temperature．．．．．．．．．．．．．．．．．．．．．．．．．．．． 34 
3.4.2 Salinity．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．37 
3.4.3 pH．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．． 39 














3.5 Nutrition and P. donghaiense red tide．．．．．．．．．．．．．．．．．40 
3.6 Community characteristics and succession of P. donghaiense 
red tide．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．44 
3.7 Relationship and comparison between P. donghaiense red tide 
and Karenia mikimotoi red tide．．．．．．．．．．．．．．．．．．．．．．．．．49 
3.7.1 Weather condition．．．．．．．．．．．．．．．．．．．．．．．．．．．．．50 
3.7.2 Ecological characteristics．．．．．．．．．．．．．．．．．．．．．．．51 
3.7.3 Nutrition．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．53 
Chapter 4 Discussion．．．．．．．．．．．．．．．．．．．．．．．．．．． 56 
4.1 Taxonomy of genus Prorocentrum along Fujian coast．．．． 56 
4.2 Suitable temperature and salinity of P. donghaiense．．．．．．58 
4.3 Relationship of phosphate and P. donghaiense red tide．．．．59 
4.4 Cause of formation of P. donghaiense red tide along Fujian 
coast．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．60 
4.5 Succession of red tide organisms along Fujian coast．．．．．．62 



























共记录原甲藻 6种：东海原甲藻（P. donghaiense Lu）、微小原甲藻
（P. minimum Schiller）、三角棘原甲藻(P. triestinum Schiller)、海洋
原甲藻(P. micans Ehrenberg)、波罗的海原甲藻(P. balticum 
Loeblich)和利马原甲藻(P. lima Dode)。其中东海原甲藻是福建沿
海的主要赤潮生物。 




些气象条件，我们于 2004 年 4 月进行了一次成功的东海原甲藻赤
潮预报。 
3. 东海原甲藻的适温范围为 16-28℃， 适温度 22-28℃；





























































Study on Prorocentrum red tides along Fujian coast 
Abstract 
 
Prorocentrum Ehrenberg bloom occurred frequently along the coast 
of Fujian Province in recent years, occasionally Prorocentrum 
donghaiense Lu and other red tide organisms could form bilateral red 
tide. In this research, the field investigation data and historical data 
were synthetically contrasted and analysed, and the taxonomy of the 
genus Prorocentrum, the characteristics and mechanism of 
Prorocentrum blooms, and the ecological characteristics of main red 
tide organism－P. donghaiense were discussed. The main results were 
as follow: 
1. Six species of the genus Prorocentrum collected during 2003 and 
2004 along Fujian coast, were identified and described. They were P.  
donghaiense Lu, P. minimum Schiller, P. triestinum Schiller, P. micans 
Ehrenberg, P. balticum Loeblich, and P. lima Dode. Amongst them, P. 
donghaiense is the main red tide organism. 
2. P. donghaiense red tide along Fujian coast usually occurred 
during April to June，the time when monsoon changs , every year. 
During the transitory time before it breaked out, wind direction usually 
changed from northeast to southeast, wind speed was 0-3 level; it was 
continuously cloudy; air temperature rised quickly. Weak illumination 
was important condition for bloom formation and continuance. Based 















in April, 2004. 
3. To P. donghaiens along Fujian coast, the suitable temperature 
range was 16-28℃, and the optimum temperature range was 22-28℃; 
the suitable salinity range is 26-34, and the optimum salinity range is 
27-33. 
4. Water temperature rised quickly during P. donghaiense bloom 
prophase，then dropped in the bloom continuance phase. High water 
temperature in bloom prophase could induce P. donghaiense 
propagation and the formation of red tide. Salinity in suitable range 
had no direct relationship with bloom. 
5. COD had strong positive correlation with chlorophyll a in P. 
donghaiense red tide, regression equation was: Chl.a＝0.098COD－
0.126 （R2＝0.620, F＝17.954, t＝4.236，p＝0.001，n＝13）. Active 
phosphate also had strong positive correlation with chlorophyll a in P. 
donghaiense red tide, regression equation was: Chl.a＝18.544P－
0.0385 (R2＝0.676, F＝22.913, t＝4.787，p＝0.001，n＝13). 
6. Peak value of chlorophyll a was corresponding with that of 
nutrition index E and trough of DIN/DIP ratio. At the same time, 
nutrition index E was more than 1, DIN/DIP ratio was less than 15. 
The formation of P. donghaiense red tide had a direct relationship with 
eutrophication and the decline of DIN/DIP ratio.  
7. The common rule of community succession of P. donghaiense red 
tide along Fujian coast was usually in the following series: there were 
high density diatom colony, even diatom bloom before P. donghaiense 















Hansen occurred in the community; If conditions was suitable, K. 
mikimotoi became dominant species, formed bilateral bloom with P. 
donghaiense, disserved aquiculture industry. 
8. The suitable range of temperature and salinity for P. 
donghaiense was wider than that of K. mikimotoi which was among 
the range of P. donghaiense. Because of their niche overlapping, P. 
donghaiense and K. mikimotoi could occur in the same waters and 
formed the red tide simultaneously. 
9. Comparing with P. donghaiense, rainfall, strong illumination, 
stable temperature and salinity and abundant nutrition, were favorable 
for the growth of K. mikimotoi and its competion with P. donghaiense 




















































































后来 McLachlan(1997)[8]又提出以 E. lima (Ehrenberg) Butschli 
为模式种重建 Exuviaella 属，不同的特征是鞘孔和黏液胞相连，缺
少大型的顶刺或齿状突，没有壳刺，能够产生次生代谢的多聚醚，
尤其是软海绵酸。但是，Morton(1998)[9]发现一个新种 P. faustiae 
后，这个提议又受到怀疑，因为这个种能产软海绵酸,却没有黏液
胞孔，而且 近的系统学分析也反对重新拆分的提议。这个属的
分 类 文 献 主 要 有 ： Paulsen(1908)[10], Pavillard(1916)[11], 



























近 15 年原甲藻属的分类研究进展迅速，以 Faust 为代表的
科学家发表了 20 个新种，合并了 2个种名。Velikova(1999)[22]重新
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